Understanding female reproductive characteristics is important for assessing fertility, interpreting female behavior, and designing appropriate conservation and captive management plans. In primate species lacking morphological signs of receptivity, such as most colobines, determination of reproductive parameters depends on the analysis of reproductive hormones. Here, we use fecal hormone analysis to characterize cycle patterns (N 5 6 females) and gestation length (N 5 7 females) in a group of wild Phayre's leaf monkeys (Trachypithecus phayrei crepusculus) in Phu Khieo Wildlife Sanctuary, Thailand. We found that both fecal estrogen (fE) and progestin (fP) levels showed clear biological patterns indicative of ovulation and conception. However, because fP patterns were inadequate in determining the end of the luteal phase, we used fE rather than fP patterns to delineate menstrual cycle parameters. We found a mean cycle length of 28.4 days (N 5 10), with follicular and luteal phases of 15.4 (N 5 10) and 12.5 days (N 5 14), respectively. On average, females underwent 3.57 (N 5 7) cycles until conception. Average gestation length was 205.3 days (N 5 7), with fE levels increasing over the course of pregnancy. Overall, the reproductive characteristics found for Phayre's leaf monkeys were consistent with results for other colobine species, suggesting that fecal hormone monitoring, particularly for fE metabolites, can provide useful reproductive information for this species. Am. J. Primatol. 71:1-9, 2010.
. Knowledge of such characteristics is important for assessing fertility, understanding female behavior [Maestripieri, 1999; Ramirez et al., 2004] , and sexual strategies [e.g. Deschner et al., 2004; Engelhardt et al., 2007] , and examining differences in life history strategies within [e.g. Borries et al., 2001] and across species [Barnett & Abbott, 2003; Harvey et al., 1987; Martin & MacLarnon, 1985] . Furthermore, acquiring a fundamental understanding of female reproductive physiology is one of the first steps toward developing effective management and conservation plans [Cockrem, 2005] .
Although estrogen and progesterone metabolites are routinely monitored across many cercopithecoid species, including several species of macaques [Macaca fascicularis: Engelhardt et al., 2005; M. fuscata : Fujita et al., 2004; M. sylvanus: Brauch et al., 2007; Möhle et al., 2005; M. tonkeana: Aujard et al., 1998 ] and baboons [Papio anubis : Higham et al., 2008a; P. cynocephalus: Beehner et al., 2006; Gesquiere et al., 2007] , comparatively fewer studies have examined wild colobines [but see: C. guereza: Harris & Monfort, 2006; Semnopithecus entellus: Ziegler et al., 2000] . However, because most colobines have no conspicuous visual signs of receptivity, such as sex skin swellings [Nunn, 1999] , it is surprising that few studies have utilized this tool for documenting colobine reproduction. Furthermore, because primate sexual behavior commonly occurs outside of the periovulatory phase [Wallen, 2001] , estimates of reproductive characteristics based solely on behavior are often less precise than those based on hormones.
In this study, we analyze fecal estrogen (fE) and progesterone (fP) metabolites to examine female reproductive characteristics in a wild group of Phayre's leaf monkeys (Trachypithecus phayrei crepusculus) in Phu Khieo Wildlife Sanctuary, Thailand. Our specific goals are: (1) to validate the use of fE and fP metabolites to assess reproductive parameters in Phayre's leaf monkeys, (2) to determine cycle length (including follicular and luteal phase) and gestation length in this species, and (3) to compare these reproductive characteristics to other primates, particularly colobines and cercopithecines.
METHODS

Subjects and Study Period
The data for this study come from a population of wild Phayre's leaf monkeys from Phu Khieo Wildlife Sanctuary, Thailand (1615 0 -35 0 N, 101120 0 -55 0 E, Chaiyaphum Province, elevation: 300-1,300 m above sea level). Phayre's leaf monkeys live in groups containing 1-5 adult males and 2-12 adult females [Borries & Koenig, unpublished data] . Mating is promiscuous. Although births can occur in all months of the year, most births were recorded between November and April [Borries et al., in review] . The interbirth interval after a surviving offspring is close to 2 years [Borries et al., 2008] .
This research was conducted as part of a longterm project (directed by A. Koenig and C. Borries) [Borries & Koenig, unpublished data] . The group contained 11 adult females at the start of the study; however, one female emigrated shortly after the study commenced and we focused on the 10 remaining females. All females were multiparous. Although absolute ages for females were unknown, relative estimates based on skin wrinkling, color of eye lens, and nipple length [Hrdy, 1977] indicate that most females (N 5 8) were either young or prime adults, and two females were beyond prime.
Fecal Hormone Collection
Fecal samples were collected opportunistically from all ten adult females across the study. However, data collection was not distributed equally across time or across females. From February to December 2005, we collected monthly fecal samples from all ten females for broad estimates of reproductive state.
Once the first mating was observed (December 13, 2005) , we increased our rate of collection to neardaily for any mating female (assumed to be cycling) to facilitate later estimates of ovulation and conception. During the first 2 weeks after the start of mating, we collected daily samples from the two cycling females that mated first. From January 1, 2006, we sampled all females expected to resume cycling (based on their earlier date of birth and the mean interbirth interval). One additional female was added toward the end of the study period because she unexpectedly began to mate. Collection frequency for cycling females (N 5 7) was 24.2870.53 SE samples/female/month (range 5 15-3, total samples 5 1,464). These samples formed the basis of our analysis of cycling patterns, gestation length, and hormone patterns in the first few months of pregnancy. In addition, a select number (mean 5 35.871.30 SE samples/female, range 5 25-42; total 5 143 samples from four pregnancies) of samples from 2005 were used only to construct cross-sectional hormonal profiles for pregnant females covering the entire length of gestation.
Entire fecal samples were collected in 30 ml plastic vials (Sarstedt, Newton, NC: vial ]75.1337.500, lid ]76.1340.560), kept on ice in the field, and frozen (À201C) upon return to the field station (within 2-13 hr). Samples remained frozen until they were shipped on ice to the Conservation and Research of Endangered Species center at the Zoological Society of San Diego.
Fecal Hormone Analysis
Samples were first lyophilized and sifted through mesh wire (16 Â 16 mesh; McMaster-Carr, Robbinsville, NJ: ] 9223T82) to remove vegetative matter and then transported on dry ice to the Core Assay Facility in the Department of Psychology at the University of Michigan for further analyses. Hormone extraction protocols followed Wasser et al. [1994] . In brief, a 0.1 g portion of each sample was added to 95% EtOH in 8 ml plastic test tubes (Sarstedt: ]60.542.007). The tubes were then vortexed for 1 min, boiled in a water bath (901C) for 20 min, and centrifuged at 1,500 rpm for an additional 20 min. After centrifugation, the supernatant was decanted into 16 Â 100 mm test tubes (Fisher, Pittsburgh, PA: ]14-961-29). This process was repeated twice. The fecal matter was then discarded and the supernatant was dried down under nitrogen gas. Extracted samples were reconstituted in 100% EtOH, transferred into 2 ml microcentrifuge tubes (Sarstedt: ]72.694.007), and stored at À201C until analysis. Extraction of radiolabeled progesterone and estrogen yielded recoveries of 86.773.8% (N 5 10) and 91.570.8% (N 5 10), respectively. All fecal hormone metabolites were analyzed using radioimmunoassay (RIA).
Fecal progestins were assessed utilizing a progesterone primary antibody (CL425: C. Munro, UC, [Grieger et al., 1990] . It is known to cross-react with a variety of progesterone metabolites [e.g. 4-Pregnen-3a-ol-20-one: 188%; 5a-Pregnan3b-ol-20-one: 94%; pregnanediol: o0.1%; see Graham et al., 2001] , and has been successfully applied to study fecal progestins in a variety of mammals [e.g. Graham et al., 2001; North & Harder, 2008] . For a complete protocol, see the following link (http:// www.princeton.edu/$baboon/publications/Altmann_ lab_protocols_Jan08.pdf). Fecal estrogen metabolites were assessed using a commercial estradiol (E2) RIA kit (MP Biomedicals, Solon, OH: ]07138102). Kit instructions were followed with one modificationall reagents were halved from the amount suggested by the manufacturer. Halving all reagents effectively maximizes the amount of samples run per commercial kit without changing assay performance. The E2 antibody was raised against 6-keto-estradiol-17b-oxime-BSA, and has minor cross-reactivities with other estrogen metabolites (estrone: 20%; estriol: 1.5%; estradiol-17a: 0.7%). Samples were diluted (progesterone: 1:16-1:100; estrogen: 1:8-1:100) in standard zero buffer for analysis. All hormone values are reported as mg/g or ng/g dry feces.
Both assays yielded dose-response curves parallel to the standard curve, and accuracy tests found recoveries of 104.174.4% (N 5 8) for progestins and 90.2710.0% (N 5 6) for estrogens. Assay sensitivity was 31.25 pg/tube (6.25 ng/ml) for progestins and 0.125 pg/tube (5 pg/ml) for estrogens, and intra-assay CVs for the high and low fecal pools were 2.8 and 7.2% for progestins and 6.2 and 1.7% for estrogens. Finally, inter-assay CVs for high and low fecal pools were 9.9 and 16.3% for progestins and 6.0 and 10.6% for estrogens.
Defining Cycle Parameters
Because ovulation generally occurs after a sharp rise in estrogen (estradiol) and before a gradual rise in progesterone, either or both hormones have been commonly used to delineate cycle length in primates [e.g. days between subsequent estrogen peaks: Higham et al., 2008b Higham et al., , 2009 Yan & Jiang, 2006 ; or progesterone rises: Engelhardt et al., 2005; Heistermann et al., 1995] . By contrast, because the corpus luteum scretes progesterone for the duration of the luteal phase, the rise and fall of progesterone has been the easiest marker used to assess the different phases (follicular and luteal) of the menstrual cycle [e.g. Heistermann et al., 1995] . Some studies have also used the beginning of menses [Molskness et al., 2007; Shimizu et al., 2003] or the rise in estrogen levels from its post-ovulatory nadir [e.g. Emery & Whitten, 2003 ] to mark the beginning of the follicular phase. Furthermore, because the periovulatory peak in estrogen levels is followed shortly by ovulation and a rise in progesterone, estrogen patterns can also be used to delineate the beginning of the luteal phase.
To estimate the component phases of the menstrual cycle for Phayre's leaf monkeys, we use fE rather than fP patterns, because analysis of fP data during the putative luteal phase suggest that the fP drop is an inadequate estimate of the end of the luteal phase. Eighty-one percent (13 of 16) of fE peaks outside the high progestin period showed expected post-ovulatory increases in fP (i.e. 12.5 SD above baseline) 0-2 days after the fE peak. In two cases, fP and fE continued to rise, indicating conception. Hence, fP levels seemed useful for identifying both the beginning of the luteal phase as well as conception. However, following nonconceptive ovulations, fP levels remained elevated for only 7.07SE 0.6 days (N 5 10; median 5 7.0; range: 3-10), suggesting that the fall in fP levels does not mark the end of the luteal phase [the luteal phase for related species are around 11-15 days: He et al., 2001; Heistermann et al., 2001b Heistermann et al., , 2004 ; see also discussion below].
To construct composite hormone profiles across the menstrual cycle, we used daily values of fE and fP (or mean daily values when more than one sample/female was available). These profiles allowed us to identify 25 fE peaks, of which 24 were characterized by adequate sampling (every other day) near the day of the peak to assign a day of ovulation. For one additional peak (with a 3-day sampling gap), we estimated the day of the fE peak based on trends in the rise and fall of fE levels, using the fP values for confirmation. Of the total 25 fE peaks, 9 occurred during a period of plant-related elevation in fP levels [''high progestin period''; Lu et al., in review], likely owing to the consumption of Vitex. An additional fE peak occurred at the boundary of the ''normal period'' and the ''high progestin period.'' Because earlier studies (including one on the target females in this study) have suggested that plant-based progestins might influence reproductive function [Garey, 1991; Higham et al., 2007; in review], we restricted our analysis to the 17 fE peaks from 6 females occurring outside (N 5 16 fE peaks) or at the boundary (N 5 1 fE peak) of the high progestin period for estimates of cycling parameters.
We assumed that fE peaks were representative of ovulations because they were regularly followed by a clear rise in fP levels (see above). However, because gut passage and metabolism usually delays the appearance of hormones in fecal matter from hours to days [Bahr et al., 2000; Perez et al., 1988; Wasser et al., 1994] , we defined the day before the fE peak as the day of ovulation. We based this 24 hr correction on observations that fecal glucocorticoids of a related species [Trachypithecus obscurus: Lu & Czekala, unpublished data] were excreted within 24 hr of an ACTH challenge. Although it is possible that the metabolism of reproductive hormones might be longer than that of glucocorticoids, some studies show that they are similar [e.g. chimpanzees: Emery & Whitten 2003 ]. Hence, we conservatively estimated the lag time to be 24 hr, thus deviating from the definition used by other researchers [e.g. Engelhardt et al., 2005; Heistermann et al., 2001b ; but see Emery & Whitten, 2003] .
Note that our definition of ovulation assumes that estradiol peaks are sufficient to initiate ovulation. An insufficient estradiol rise during the follicular phase may fail to induce a surge in luteinizing hormone, thus leading to an anovulatory cycle with no formation of the corpus luteum and (importantly) no normal rise in progesterone [Dailey & Neill, 1981; Johnson, 2007] . In this study, the majority (81.3%) of ovulations before the high progestin period were characterized by an fP rise following the fE peak. Although the remaining three cycles were irregular (i.e. longer), they were characterized by fP rises before and following the fE peak, suggesting some degree of function by the corpus luteum. We are therefore confident that peak estrogen levels in the cycles analyzed for this study were sufficient for ovulation and can be used as an accurate marker for designating menstrual cycle parameters.
Hereafter, we will refer to the day of the fE peak as Day 0. Thus, 1 day before the fE peak (day of ovulation) is Day À1, one day after the peak is Day 1, and so forth. All days were assigned post hoc once hormone data were available. Cycle length (N 5 10 after elimination of an outlier) was defined as the time period from Day 0 (fE peak) until the next Day À1 (period between concurrent fE peaks, with all but the first and last peaks for each female used as indicators of both cycle initiators and terminators). The luteal phase (N 5 14) was calculated as the number of days from Day 1 to the day before the next fE rise from its post ovulatory nadir [ Fig. 1 ; see Emery & Whitten, 2003] . We assumed that the rise in fE from its nadir (12 SD above the preceding three values) indicates the beginning of follicular development. Similarly, the follicular phase (N 5 10) was calculated as the first day of the fE rise, to the day of the next fE peak (Day 0).
Defining Conception and Pregnancy
Conceptive cycles were defined as all cycles where post ovulatory fE levels exhibited a sustained increase above follicular levels. In such cases, the conceptive date was defined as the day of ovulation (Day À1) for that cycle. Gestation length (N 5 7) was estimated as the number of days from Day À1 to the day of parturition (from demographic records), and was only assessed for females who were followed consistently in 2006 and for which daily samples allowed estimates of conception. In several cases (six of seven gestations), the group was not followed continuously around birth (mean 5 3.971.5 SE days between follows, range 5 3-12 days), and the day of birth was estimated based on the median day of the period of time between the last group follow and the day when the infant was detected.
Because all pregnancies overlapped with the high progestin period, we used fE profiles (rather than fP profiles) to document changes in hormone levels across pregnancy. To evaluate fE patterns in the beginning of the pregnancy, we used post conceptive weekly hormone averages of six pregnancies (N 5 7 for first 3 weeks following conception) and compared these values to both periovulatory peak fE -16 -14 -12 -10 -8 -6 -4 -2 0 2 4 6 8 10 12 levels and follicular mean fE levels prior to the peak. To examine variation in fE levels across pregnancy, we compared female fE means across trimesters. This dataset included four pregnancies from 2005 and seven pregnancies from 2006. Because conception dates were unavailable for the four pregnancies from 2005, we estimated conception dates based on the dates of birth and our mean gestation length and then calculated trimester means. Complete pregnancies were only available for 4 of the 11 total pregnancies sampled. Thus, composite hormone profiles for the entire gestation period were constructed from a mixed longitudinal and crosssectional dataset (N 5 1-11 pregnancies per week, with lower sample sizes later in gestation).
Data Analysis
Because sample sizes were small, statistical tests for cycling and pregnancy parameters were conducted using nonparametric statistics [SPSS, Chicago, IL, Version 16], with reproductive parameters (e.g. cycle length) rather than female, as the unit of analysis. Differences in hormone values between trimesters were assessed using KruskalWallis and Mann-Whitney U tests. Differences in fE levels between the initial weeks post conception and the cycling periods were assessed using Wilcoxon Signed Ranks Tests because paired samples from the same female were available. Significance is reported at a 5 0.05 level. Bonferroni-Holm corrections were made for all post hoc analyses [Holm, 1979] . Outlier analyses were conducted using Dixon's calculations [Dixon & Massey, 1969; Sokal & Rohlf, 1995] .
Research Ethics
All research methods were accepted by the IACUC committee at Stony Brook University and adhered to both the laws of Thailand and the American Society of Primatologists' principles for the ethical treatment of nonhuman primates.
RESULTS
Menstrual Cycle Parameters
After eliminating one outlier for cycle length [value 5 59 days, r 11 5 0.75, a 5 0.05, Dixon's Outlier Analysis; Dixon & Massey, 1969; Sokal & Rohlf, 1995] and one for follicular phase (value 5 44 days, r 11 5 0.81), we found an average cycle length of 28.47SE 1.6 days (N 5 10, median 5 27.5 days, range: 21-40 days, Fig. 2 ), a follicular phase of 15.47SE 1.3 days (follicular phase: N 5 10, median 5 15.0 days, range: 12-26 days), and a luteal phase of 12.57SE 0.4 days (N 5 14, median 5 12, range: 11-17). During the follicular phase, fE levels averaged 11.747SE 1.03 ng/g dry feces (N 5 10), reaching peak values of 46.457SE 1.74 ng/g dry feces (N 5 15) before ovulation, and falling to a nadir during the luteal phase of 6.347SE 0.48 ng/g dry feces (N 5 14).
Conception and Gestation
Female Phayre's leaf monkeys experienced 3.57 cycles to conception (7SE 0.43; N 5 7, median 5 3.0, range: 2-5). Conception was detected when fE levels maintained a steady rise 1 week after the fE peak (Fig. 3) . However, weekly fE levels following conception were not significantly different (N 5 7, Wilcoxon Signed Ranks Test: z 5 À2.37; P 5 0.0) from follicular levels (mean 5 12.837SE 1.26 ng/g dry feces) until the 3rd week of pregnancy (mean 5 47.437SE 2.65 ng/g dry feces). Furthermore, although fE levels during weeks 3-5 of pregnancy were above periovulatory peak levels (N 5 6; mean 5 48.967SE 2.37 ng/g dry feces), they did not consistently remain above these levels until after the 9th week of gestation (N 5 6; mean 5 79.947SE 12.56 ng/g dry feces; Wilcoxon Signed Ranks Test: z 5 À2.20, P 5 0.03).
Mean gestation length was 205.3 days (7SE 1.4 days; N 5 7; median 5 204.0; range: 201-211). Fecal estrogen levels were significantly different across trimesters (Kruskal-Wallis Test: H 5 21.50, df 5 2, Po0.001), increasing nearly 10-fold from the first (N 5 11; mean 5 59.947SE 4.83 ng/g dry feces) to second trimesters (N 5 10; mean 5 535.457SE 72.64 /g dry feces; Mann-Whitney U Test: z 5 À3.87, Po0.0001), with an additional 2-fold increase from the second to third trimesters ( Fig. 4 ; N 5 6; mean 5 1,106.787SE 132.31 ng/g dry feces; MannWhitney U Test: z 5 À2.71, P 5 0.007). Post parturition samples were only available from the four pregnancies sampled in 2005. We therefore did not have a large enough sample size to statistically profile from the 5 weeks before conception through the first 10 weeks of pregnancy (N 5 7 conceptions). Hatched area 5 mean7SE follicular fE levels; Ã 5 week at which fE levels are significantly different from follicular fE levels, ÃÃ 5 week at which fE levels remain statistically different from peak periovulatory fE levels (Wilcoxon Signed Ranks Test, a 5 0.05).
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evaluate differences between hormone levels during late pregnancy and those following parturition. However, data from these four pregnancies do show that fE levels during the first 3 weeks following birth ( Fig. 4 ; N 5 4; mean 5 1.787SE 0.41 ng/g dry feces) dropped from pregnancy levels to follicular fE levels.
DISCUSSION
Here, we present the first data on the reproductive physiology of Phayre's leaf monkeys using noninvasive techniques to monitor steroid metabolites in a wild population. Across a female's menstrual cycle and through pregnancy, fE levels showed clear, consistent cycling peaks related to periovulatory estrogen surges, as well as a gradual rise throughout pregnancy. However, because pregnancy fE levels did not increase significantly above periovulatory peak levels until the 9th week of gestation, hormonal sampling during the first trimester alone may not be sufficient to identify pregnancy.
Fecal progestin patterns also provided biologically relevant information on the reproductive physiology of this species. For the majority of cycles, fP patterns demarcated the beginning of the luteal phase as well as the date of conception. However, fP patterns alone were inadequate for determining the end of the luteal phase. One possible explanation might be that T. phayrei excretes multiple progesterone metabolites, and that the antibody employed in this study failed to detect one of the major ones associated with corpus luteum function toward the end of the luteal phase. In Douc langurs [Pygathrix nemaeus and long-tailed macaques [M. fascicularis: Heistermann et al., 2001a] , high performance liquid chromatography (HPLC) studies have suggested that 5a-reduced 20-oxo pregnanes are major fecal metabolites of these species, indicating perhaps that a groupspecific antibody may be more successful (compared with the antibody employed in this study) at capturing hormonal patterns of ovarian function in T. phayrei as well. Future work, comparing multiple antibodies in relation to HPLC and/or radioinfusion studies [e.g. Wasser et al., 2000] , will help resolve this matter.
The major impediment to using fP patterns to document reproductive function in this population was the occurrence of a seasonal increase in progesterone levels, likely owing to the consumption of phytoprogestins [Lu et al., in review] . Similar patterns resulting from phytoprogestin consumption have recently been found in wild populations of chimpanzees [Emery Thompson et al., 2008] and baboons [Higham et al., 2007] , suggesting that the consumption of plant steroids may, at times, impede proper interpretation of reproductive state, conception, and cycle parameters from excreted steroid metabolites alone. Although this complication clearly impacts the detection of fP in this population, similar difficulties may pertain to the measurement of fE in other populations.
Our reported average of 3.57 cycles to conception is high compared with another wild colobine, Hanuman langurs [S. entellus: 1.88 cycles to conception, Ziegler et al., 2000] . This is not surprising, because Hanuman langurs at that site (Ramnagar) are stricter in their birth seasonality [births occur only 6 months out of the year: Koenig et al., 1997] . In this respect, the number of cycles to conception in Phayre's leaf monkeys may be more similar to that of some populations of baboons which give birth yearround, but still show birth peaks during certain months of the year [Alberts et al., 2005; Beehner, 2003; Bentley-Condit & Smith, 1997; Smuts & Nicolson, 1989] .
We found that the average cycle length was 28.4 days, fitting well within the range reported for cercopithecoids [$22.4-39.6 days: e.g. Bettinger et al., 1995; Harris & Monfort, 2006 ; partially reviewed in Martin, 2007] , but slightly longer in comparison with most colobines [22.4-27.0 days: e.g. He et al., 2001; Heistermann et al., 1995 Heistermann et al., , 2001b Heistermann et al., , 2004  Table I ]. As in other primate species [Heistermann et al., 2001b; van Schaik et al., 2000] , the length of the follicular phase was more variable than that of the luteal phase [Lasley & Benirschke, 1994] , and extended cycle lengths were the result of elongated follicular phases. Factors, such as female nutrition, are known to impact primate ovulation [Ellison, 2003] Am. J. Primatol.
longer cycle lengths compared with those at the provisioned site of Jodhpur [Borries et al., 2001] . The 205-day gestation length found in this study fits within the higher end of the range for colobines [close to the upper 95% confidence limit of Asian colobines: Borries et al., in review; Jin et al., 2009] , but is considerably longer than what is expected for other cercopithecoids [Martin, 2007] [Martin, 1996] and greater prenatal investment in dental development [Godfrey et al., 2003] , both associated with a folivorous diet common to colobines. The fact that the gestation length for Phayre's leaf monkeys still remains long in comparison to other colobines suggests that as with cycle length, nutritional factors may have influenced the length of pregnancy. Although gestation length is thought to be relatively constant, an earlier study on Hanuman langurs [Borries et al., 2001] found that gestation was longer in an unprovisioned relative to a provisioned population, suggesting that nutritional deficits may indeed influence the length of pregnancy.
In conclusion, our study provides the first data on the reproductive characteristics of Phayre's leaf monkeys, using fecal steroid monitoring in a wild group. As such, we have extended our knowledge of the reproductive characteristics of cercopithecoids, particularly of the subfamily Colobinae and the genus Trachypithecus. Our biological validation of steroid hormone measurement from feces and our general results on cycling parameters, conception, and pregnancy provide the basis from which we can begin to examine further questions associated with female fertility and behavior, and more generally, reproductive strategies. Am. J. Primatol.
